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DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD

WALTHAM, MASSACHUSETTS 02154

REPLY TO

‘ATTENTION OF: NOV 28 1979

NEDED

Honorable Ella T. Grasso

Governor of the State of Connecticut
State Capitol

- Hartford, Connecticut 06115

Dear Governor Grasso:

Inclosed is a copy of the Lake Dawson Dam Phase I Inspection Report,
which was prepared under the National Program for Inspection of
Non-Federal Dams. This report is presented for your use and is based
upon a visual inspection, a review of the past performance and a brief
hydrological study of .the dam. A brief assessment is included at the
beginning of the report. I have approved the report and support the
findings and recommendations described in Section 7 and ask that you
keep me informed of the actions taken to implement them. This follow-up
action 1s a vitally important part of this program.

A copy of this report has been forwarded to the Department of Environ-
mental Protection, the cooperating agency for the State of Connecticut.
In addition, a copy of the report has also been furnished the owner,
New Haven Water Company, New Raven, Connecticut 06511.

Copies of this report will be made available to the public, upon
request, by this office under the Freedom of Information Act. In the
case of this report the release date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Protection for your cooperation in carrying out this

program.

Sincerely,
Incl MAX B. SCHEIDER
As stated Colonel, Corps of Engineers

Division Engineer
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BRIEF ASSESSMENT
PHASE 1 INSPECTION REPORT

NATIONAL PROGRAM OF INSPECTION OF DAMS

Name of Dam LAKE DAWSON DAM
Inventory Number: CT-00319

State Located: CONNECTICUT

County Located: NEW_ HAVEN

Town Located: WOODBRIDGE

Stream: WEST RIVER

Owner: NEW HAVEN WATER COMPANY
Date of Inspection: MAY 1, 1979 .
Inspection Team: PETER M. HEYNEN, P.E.

CALVIN GOLDSMITH
MIRON PETROVSKY
GEORGE STEPHENS

The earth embankment dam is approximately 960 feet long
and rises approximately 48 feet above the downstream bed of
the West River. A concrete corewall apparently runs the
length of the dam. The concrete spillway at the left end of
the dam is a 110 foot long broad crested weir with a vertical-
sided concrete channel leading to a steep-sided channel cut
into natural ground. An upstream gatehouse near the right end
of the dam houses the requlating outlets which consist of 2-36
inch cast iron low level outlets, a 36 inch supply main to the
treatment plant immediately downstream of the dam, and an 8
inch well drain.

Based upon the visual inspection at the site and past
performance, the dam appears to be in good condition. No
evidence of instability was observed in the embankment,
spillway, spillway channel, or other appurtenances.

Based upon the size (Intermediate) and hazard classifica-
tion (High) of the dam in accordance with Corps of Engineers
Guidelines, the test flood will be equivalent to the Probable
Maximum Flood (PMF). Peak inflow to the reservoir is 20,100
cfs; peak outflow is 19,000 cfs with the dam overtopped 1.7
feet. Based upon our hydraulic computations, the spillway
capacity is 9900 cfs, which is equivalent to 52 percent of the
routed test flood outflow,
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It is recommended that the owner initiate further studies
to perform a more refined hydraulic/hydrologic study by a
qualified engineer to determine more accurately the spillway
capacity and overtopping potential. Recommendations should be
made by the engineer and implemented by the owner to increase
the project discharge capacity if called for by the refined
hydraulic/hydrologic study.

It is further recommended that the owner initiate an in-
vestigation by a registered engineer qualified in dam design,
hydraulics, and inspection to 1) evaluate and make recommend-
ations to monitor, control, and/or eliminate the seepage em-
anating from the downstream area of the dam, 2) assess the
amount and seriousness of uplift pressure exerted on the con-
crete spillway channel slab, and 3) develop a program of
repairs for leaking expansion joints and cracks in the con-
crete spillway and spillway slab.

The above recommendations, and any needed remedial
measures are further discussed in Section 7, and should be
instituted by the owners within two years of their receipt of R
this report.

Peter M. Heynen| P.E.
Project Manager
Cahn Engineers, Inc.

ey
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Senlor Vice President
Cahn Engineers, Inc.
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This Phase I Inspection Report on Lake Dawson Dam
has becn reviewed by tlie undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are

»—, consistent with the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering judgment and practice, and is hereby
submitted for approval.

g i,

NECAN, JR., M
1 Branch
ngineering Division

PN

‘ JOSEPH A. MCELROY, MEMBER
n Foundation & Materials Branch
' Engineering Division

iﬂ/»\tz&[/ (ﬂ/( ¢ )\/73/@44

CARNEY M/ TERZIAN, CHAIRMAN
Chief, Structural Section

) Design Branch

- Engineering Division

——
.e

APPROVAL RECOMMENDED:

b ) 4
JOE B. FRYAR 4 . ]

Chief, Engineering Division 1




PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase 1 Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the dgeneral
condition of the dam is based upon available data and visual
inspection. Detailed investigation, and analyses involving
topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I Investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the time of inspection along with data
available to the inspection team. In cases where the
reservoir was lowered or drained prior to inspection, such
action, while improving the stability and safety of the dam,
removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if
inspected under the normal operating environment of the
structure.

It is 1 -~rtant to note that the condition of a dam
depends on n. .rous and constantly changing internal and
external conditions, and is evolutionary in nature. It would
be incorrect to assume that the present condition of the dam
would necessarily represent the condition of the dam at some
point in the future. Only through continued care and
inspection can there be any chance that unsafe conditions will
be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Spillway Test Flood is based on
the estimated "Probable Maximum Flood"” for the region
(greatest reasonably possible storm runoff), or fractions
thereof. Because of the magnitude and rarity of such a storm
event, a finding that a spillway will not pass the test flood
should not be interpreted as neccessarily posing a highly
inadequate condition. The test flood provides a measure of
relative spillway capacity and serves as an aid in determining
the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the
downstream damage potential.

iv
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PHASE I INSPECTION REPORT

LAKE DAWSON DAM

SECTION I - PROJECT INFORMATION

1.1 GENERAL
(. a. Authority - Public Law 92-367, August 8, 1972,

authorized the Secretary of the Army, through the Corps of
Engineers, to initiate a National Program of Dam Inspection
throughout the United States. The New England Division of the
Corps of Engineers has been assigned the responsibility of
supervising the inspection of dams within the New England
Region. Cahn Engineers, Inc. has been retained by the New
England Division to inspect and report on selected dams in the
State of Connecticut. Authorization and notice to proceed

were issued to Cahn Engineers, Inc. under a letter of March o |
30, 1979 from John P. Chandler, Colonel, Corps of Engineers.
: Contract No. DACW 33-79-3-0059 has been assigned by the Corps - ““
= of Engineers for this work. ‘ -]
b. Purpose of Inspection Program - The purposes of the
program are to:

) l. Perform technical inspection and evaluation of non- "“j;“‘“
ﬁ: federal dams to identify conditions requiring - 1
correction in a timely manner by non-federal

interests.
2. Encourage and prepare the States to quickly initiate , :
effective dam inspection programs for non-federal T e
L; dams. - 1

3. To update, verify and complete the National Inventory | j
of Dams.

c. Scope of Inspection Program - The scope of this Phase

. I inspection report includes: - @

1. Gathering, reviewing and presenting all available data
as can be obtained from the owners, previous owners,
the state and other associated parties.

2. A field inspection of the facility detailing the - -
visual condition of the dam, embankments and
appurtenant structures.

. X Y
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3. Computations concerning the hydraulics and hydrology S
of the facility and its relationship to the calculated -
flood through the existing spillway. -
4. An assessment of the condition of the facility and ’ ,'i?'“
corrective measures required. o
It should be noted that this report does not pass
judgement on the safety or stability of the dam other than on a S A
visual basis. The inspection is to identify those features of i
the dam which need corrective action and/or further study. .
1.2 DESCRIPTION OF PROJECT ;'.
a. Location - The dam is located on the West River in a -
rural section of the Town of Woodbridge, County of New Haven, o e e d

State of Connecticut. The dam is shown on the New Haveg | d;
U.S.G.S. Quandrangle Mapoas having coordinates latitude N 40 :
20.0* and longitude W 72~ 58.7°'.

b. Description of Dam and Appurtenances - The dam is 960 ]
feet long and 1ts top width is 18 feet. The top of the dam is ISR
48 feet above the bed of the West River. Construction is of )
earth fill with a concrete core wall. Both upstream and down- Sl
stream faces are at a slope of 2 horizontal to 1 vertical. The SN
upstream face of the dam is covered with hand placed rounded o

riprap to within 3 feet of the crest of the dam. There is an LTl L
upstream gate house near the right end of the dam which con- i
tains all regulating outlets. At the downstream toe, directly e

opposite the gate house, is the original gate house, no longer S
used as such, which now houses an emergency power generating
system. Also downstream from the toe are 2 buildings housing
water treatment facilities and a fisg_filter system. A 6 inch
tile drain runs along the toe for 185- feet, to the left of the : o
outlet works. .

The spillway is a broad-crested compound weir which spills L
into a concrete channel, the configuration of which is shown T
on Sheet B-1. The upstream approach channel is on a shallow

inclination and is covered with trap-rock riprap. The spill- A .
way discharge channel is a concrete lined sloping channel as e
shown on Sheet B-1, and is keyed into bedrock. There are holes

in the crest to install flashboards, but the operator

indicated they had failed during this past winter and there

were no plans to replace them. The outlets, all gated at the

upstream gate house, consist of two 36 inch cast iron low .
level outlets, a 36 inch supply main to the treatment plant -._ 9
facilities fed from a wet well in the gate house, and a 6 inch .

= _ ————— e
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well drain. The wet well is fed by 4 intake windows, gated at
the upstream face of the gate house. All gates are manually
operated and all are in operable condition. Also in the gate
house is a new electric pump which will be used to pump water
to a treatment plant, now under construction, at the upstream
end of the lake.

c. Size Classification - INTERMEDIATE - The dam impounds
1080 acre-feet of water with the lake level at the top of the
earth embankment dam, which at elevation 166.8 is 48 feet
above the 0ld stream bed. According to the Recommended
Guidelines, this dam is classified as intermediate in size.

d. Hazard Classification - HIGH - Immediately downstream
of Lake Dawson Dam is the water filtration plant and one
house. Approximately one mile downstream from the dam is
Konolds Pond, along the shoreline of which are at least 10 low
lying residential structures which would be in the path of
rapidly rising flood waters due to a breach of Lake Dawson
Dam. The flood waters would overtop Konolds Pond Dam by
approximately 8 feet, subsequently discharging in the
downstream channel which runs through the heavily urbanized
Westville area of New Haven, which has many low 1lying
residences.

e. Ownership - New Haven Water Company
90 Sargent Drive
New Haven, CT 06511
Mr. Jack Reynolds (203) 624-6671

f. Operator - Mr. Ken Seaton
New Haven Water Company
(203) 393-1619

g. Purpose of Dam - Public Water Supply.

h. Design and Construction History - The following
information 1is believed to be accurate based on the plans and
correspondence available. The dam was constructed in 1889-
1890 by the New Haven Water Company, as engineered by Lucian
A. Taylor. 1In 1919-1920 an upstream gate house was built by
the New Haven Water Company to replace the original downstream
gate house. The engineer was Albert B. Hill. 1In 1968-1969,
the spillway was widened and lowered, and a new drain system
was installed along the downstream toe. This was engineered

by Malcolm Pirnie, Engineers and constructed by the Brunalli
Construction Company.




i. Normal Operational Procedures - The main supply outlet 1
is opened as needed for water supply purposes. The various
level inlet gates are opened as needed to maintain water ]
quality, based on samples taken from different levels of the : ]
u lake. One low 'evel outlet is partially opened during the dry — e e
4
3

season to provide water for the river. The low level outlets L o
are opened for flushing for several hours once a year. During
the inspection, one low level outlet was fully opened to empty
the lake in order to facilitate the construction of the new
treatment plant at the head of the lake. The operator
reported the lake will be drained for an indeterminate length S

of time, most likely about 2 years. ’ *

1.3 PERTINENT DATA

a. Drainage Area - 13.4 square miles of rolling, wooded
terrain, of which 0.8 square miles drains directly to Lake e 2
Dawson, and 12.6 square miles drains to upstream lakes which ’ *
feed Lake Dawson. Dams whose drainage areas contribute to
that of Lake Dawson include Lake Chamberlain and Glen Lake
Dams on the Sargent River, and Lake Bethany, Saw Mill Pond
Dam, and Lake Watrous Dam on the West River.

b. Discharge at Damsite Discharge from the 1lake is ? g 1
through a 36 inch supply main, two 36 inch low level outlets '
and ané" inch well drain.

1. Outlets Works (Conduits): 2-36 inch low level ]
outlet pipes at + e e d
invert el. '18.8- v @ 1
1-36 inch main supply . 0
pipe at invert el. : ;
126.3 R
1-6 inch well drain - e o
L.
2. Maximum known flood 2100 to 2300 cfs ‘
@ damsite: during Oct. 16, 1955
flood. (Existing infor-
mation) ‘
3. Ungated spillway capacity - 9
@ top of dam el. 166.8: 9900 cfs
4. Ungated spillway capacity
@ test flood el.: N/A
5. Gated spillway capacity -;-"~ -
@ normal pool el: N/A
6. Gated spillway capacity
@ test flood el.: N/Aa
4 —____
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7. Total spillway capacity @
test flood el.: N/A

8. Total project discharge
@ test flood el. 168.5: 19,000 cfs

c. Elevations (Feet Above Mean Sea Level)

1. Streambed at center-

line of dam: 119.3%
2. Maximum tailwater: N/A
3. Upstream portal invert

diversion tunnel: N/A
4, Recreation pool: N/A
5. Full flood control pool: N/A
6. Spillway crest: 158.3
7. Design surcharge

(original design): N/A
8. Top of dam: 166.8
9. Test flood design surcharge: 168.5

d. Reservoir
1. Length of maximum pool: 3500+ ft.
2. Length of recreation pool: N/A

3. Length of flood control pool: N/A

e. Storage
1. Recreation pool: N/A
2., Flood control pool: N/A
3. Spillway crest pool: 1080 acre-ft.
4. Top of dam: 1540 acre-ft.
5. Test flood pool: 1670+ acre-ft.

f. Reservoir Surface

1. Recreation pool: N/A
2. Flood control pool: N/A
5
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Spillway crest:

Test flood pool:
Top of dam:
Dam

Type:

Length:
Height:
Top width:

Side slopes:

Zoning:
Impervious Core:
Cutoff:

Grout curtain:

Other:

Diversion and Regulating Tunnel

Spillways
Type:

Length of weir:
Crest elevation:
Gates:

Upstream Channel:
Downstream Channel:

General:

61l.1 acres
76 + acres

76 acres (estimated)

Earth fill with
concrete corewall

960% ft.
48 ft.
18 ft.

2H to 1V (Upstream)
?H to 1V (Downstream)

N/A
Concrete Corewall
N/A
N/A
N/A

- N/A

Broad-crested compound
concrete weir

110 ft.
158.3
N/A

Shallow slope. Trap
rock riprap.

Concrete near-horizontal

with one vertical 4' step.

Vertical-sided concrete
channel curves right
and narrows to S50

ft. in width




j.
1.
l 2
3.
4.
]
5.
¢
k-

Requlating Outlets

Invert:
Size:

Description:

Control Mechanism:

Other:

118.8%
?2-36 inch

2 cast iron low level
outlets.

Hand operated sluice
gates at upstream gate
house

N/a
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SECTION 2: ENGINEERING DATA

2.1 DESIGN

a. Available Data - The available data consists of
drawings, correspondence, records, and specifications by the
New Haven Water Company, the Connecticut D.E.P., Joseph W.
Cone, and Malcolm Pirnie Engineers.

b. Design Features - The drawings, correspondence,
records and specifications indicate the design features stated
previously herein.

c. Design Data - There were no engineering values,
assumptions, test results, or calculations available for the
original construction. Design data for the 1968-1969 lowering
of the spillway is included in Appendix B,

2.2 CONSTRUCTION

a. Available Data - The available construction drawings
consist of a set of plans entitled "Lake Dawson Dam-Spillway
Modifications”™, by Malcolm Pirnie Engineers, dated June, 1968,

b. Construction Considerations - Record drawings are
available for the 1969 reconstruction of the spillway.

2.3 OPERATIONS

Lake level readings are taken daily. To our knowledge,
the dam spillway capacity has never been exceeded. No other
formal operating procedures are known to exist.

2.4 EVALUATION

a. Availabilty - Existing data was provided by the State
of Connecticut and by the owner. The owner made the facility
available for visual inspection.

b. Adequacy - Due in part to the uncertainty as to the
actual 1location, composition, and depth of the concrete
corewall, there was not sufficient detailed engineering
information to perform an in-depth evaluation of the dam.
Therefore, the Phase I assessment of this dam must be based
primarily on visual inspection, performance history, hydraulic
computations, and approximate hydrologic judgements.

c. Validity - A comparison of record data and visual
observations revealed no observable significant discrepancies
in the record data.

-




SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General - The general condition of the dam is good,

. however, inspection did reveal some areas requiring attention.

" The reservoir water level was at elevation 156, 10.8 feet
below the top of the dam, at the time of our inspection.

b. Dam:
. Crest - The crest of the dam is a grassed earth
embankment which showed no signs of cracking, settlement or
subsidence.

Upstream Slope - The upstream slope is covered with
: hand placed riprap and is generally in good condition as shown
| in Photo 1. Riprap is rounded, and 12 inches or less in
diameter.

Downstream Slope - A view of the downstream slope in
Photo 2 shows it to be covered with sparse vegetation. In
general, its condition is good and it appears to be stable. No
visible signs of seepage were discovered on the downstream
slope. In an area approximately 75 feet from the inlet
structure, there were observed two mounds of soil with very
sparse grasscover at 1/3 and 2/3 of the way up from toe of the
dam, respectively. It is possible these mounds were formed
after the installation of new drain pipes during 1969; they do
not appear to present a problem to the dam.

The toe of the dam is covered with grass (Photo 2).
One wet spot was observed at a central part of the toe of the
dam and a second one was noted along the bank of the low level
outlet discharge channel. The operator reported that the
central area was dried up two or three years ago by
installation of a 4 inch PVC drain pipe from near the toe of
the dam, and a 12 inch cast iron pipe from the drain pipe to
the low level outlet discharge channel. At the intersection
of both pipes the water level was 4 to 6 inches below the
ground elevation (See Photo 2), and the discharge from the 12
inch cast iron pipe was approximately 60 to 100 gallons per
minute at the time of our initial inspection. There is a
seepage exit point near the 1left bank of the low level
discharge channel, approximately 30 to 40 feet upstream of the
steel drain outlet, with a flow rate of 0.2 to 0.5+ gallons per
minute at the time of our initial inspection (Photo 6). A
subsequent inspection 2 to 3 weeks later when the reservoir
was drained, indicated only a soft wet area with no flow
evident from the seep, nor from the 12 inch cast iron drain
pipe further downstream.




r-

Spillway - The concrete spillway and concrete spillway

channel are generally in good condition. In the inspection

period the spillway was dry and the reservoir water level was

27 inches below the spillway crest. The flashboards failed

- and were taken out in January of 1979 and never replaced, as

l ‘ reported by the operator. The concrete training walls have

some cracking with leaking expansion joints in the left wall.

The spillway channel slab has a central longitudinal crack

with seepage: from the bottom of the slab (See Photo 9).

Concrete deterioration is located along the crack, caused
perhaps by freeze-thaw cycles.

Discharge of approximately 4 to é gal./min. from both

6 inch drain pipes from beneath the channel slab was observed.

A slight seepage flow was noticed also from under the right

side of the slab. There is a substantial 1+ foot deep wash-out

: under the left side of the end of the slab (Photo 10). This

. ] was most likely caused by heavy flows passing over the

spillway during past years. However, there was no cracking in

the concrete observed at that location on the spillway
channel,

Several leaks with efflorescence are located at the
left stone masonry retaining wall adjacent to the concrete
spillway channel along mortar joints and in drain openings
(Photo 8). These could be caused by both seepage from the
reservoir and by natural groundwater.

e

c. Appurtenant Structures - The concrete intake chamber
of the upper gate house, the new concrete service bridge and
the low level outlet concrete headwall (Photo 5) are in good
condition, with no evidences of significant cracks or
spalling.

d. Reservoir Area - The reservoir area is bordered on the
west by Conn. Route 69. The area surrounding the reservoir is
wooded and largely undeveloped. Recently the New Haven water
Company started construction of a new treatment plant at the
extreme upstream end of the reservoir, which required partial
draining of the reservoir. The operator reported that this
work would be completed over a two year period.

e. Downstream Channel - The downstream spillway discharge
channel runs into a channel cut into natural soil and rock
formations. The natural channel bottom is covered with
various sizes of boulders and cobbles (Photo 3). The channel
banks are steep and have been eroded in some places. Three
seepage springs with discharges from 0.5+ gal./min. to 5+
gal./min were discovered on the rock exposures of the
downstream spillway channel right bank at a distance of 150 to
200 feet from the end of the concrete spillway (Photo 4).
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3.2 Evaluations

Based upon the visual inspection, the dam appears to be in
generally good condition. The following features which could
influence the future condition and/or stability of the dam
were identified:

1.

Wet areas at the downstream toe of the dam, the water
flowing from the 12 inch cast iron drain pipe from one
of the wet areas, and the water level at the
intersection of the perforated concrete and cast iron
pipes could be indications of seepage through the dam
which could worsen, especially under a full reservoir
condition.

The new drainage system of the dam installed in 1948
and 1969 should be inspected at the manhole, and its
condition should be evaluated by maintenance
personnel. The seepage rate at the outlet of the
drain pipe should be monitored, as excessive flow
could indicate an unsafe condition in the dam.

Leaking cracks in the concrete training walls and the
spillway slab and channel should be sealed and the
concrete deterioration (cracks, potholes) should be
repaired to prevent a further, more serious deterio-
ration of concrete.

The wash-out under the end of the concrete spillway
slab could lead to serious deterioration of the
concrete slab.

Uplift water pressure in the foundation of the

concrete slab of the spillway channel could also
damage the slab if not properly relieved.

11
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SECTION 4: OPERATIONAL PROCEDURES

4.1 REGULATING PROCEDURES

Regulating procedures consist of operating the main supply
{ gate and inlet windows as needed for water supply purposes.
One low level outlet is partially opened during dry periods to
provide water downstream. Lake level readings are taken
daily.

4.2 MAINTENANCE OF DAM

The downstream face of the dam has a cover of vegetation
which is somewhat sparse in some areas. Grass is cut
regularly and brush is cut twice per year. In addition, the
downstream area is sometimes grazed by sheep. Three years
ago, the New Haven Water Company instituted a yearly program
of inspection of all their dams, including Lake Dawson Dam, by
a consultant experienced in the field of dam inspections.

4.3 MAINTENANCE OF OPERATING FACILITIES

Maintenance of operating facilities is on an as-needed
basis. Gate operating mechanisms are greased several times
per year. The low level outlets are opened once a year for
several hours for flushing.

4.4 DESCRIPTION OF ANY FORMAL WARNING SYSTEM IN EFFECT

No formal warning system is in effect. Emergencies are
reported to the New Haven Water Company office.

4.5 EVALUATION

The operations and maintenance procedures are generally
good, however, there are some areas requiring improvement. A
formal program of operations and maintenance procedures should
be implemented, including documentation to provide complete
records for future reference. A formal warning system should
be developed and implemented within the time frame indicated
in Section 7.1lc. Remedial operations and maintenance
recommendations are presented in Section 7.

12
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SECTION 5: HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. General - Lake Dawson is used as a storage reservoir
for water supply, however the dam is a high spillage - low
storage project, as the reservoir storage effect on the PMF R
inflow/outflow is minimal. Although the majority of inflow to R .
Lake Dawson is from the outflow of Glen Lake and Lake Watrous,
two upstream water company reservoirs, the regulation of the
PMF by these two reservoirs is minimal and their effect on the N
PMF peak inflow to Lake Dawson has been neglected in our S
computations. ‘

The broad-crested concrete spillway has provisions for the P e
installation of flashboards. The flashboards, designed to T
fail under two feet of head above them, were in place until the i _
storms of January 1979, at which time they collapsed. ]
Although the owner has no plans to reinstall the flashboards, ’ o
some attention was given in our computations to the hydraulic Z
conditions during the PMF event, both with, and without the T e,
flashboards. It was concluded that operation with flashboards T
in place would reduce the surcharge storage capacity of the RRIRTA
reservoir, however the spillway capacity will not actually be

reduced due to the design of the flashboards for failure under

two feet of head, ie. a water level 4.5 feet above the spillway S
crest. This flashboard design failure would result in a e .
discharge of approximately 1000 cfs. o

b. Design Data - No computations could be found for the
original design of the dam. Results of hydraulic designs were
available for the 1969 spillway redesign and construction, S
however no actual computations were obtained (See Appendix B). T e

c. Experience Data - No information on serious problem
situations arising at the dam were found, nor has it ever been
reported that the dam has been overtopped. The maximum height
of water over the spillway crest was approximately 2.5 feet o
during the October 16, 1955 flood. It should be noted this °
height was prior to the redesign of the spillway to its T
present elevation and configuration.

d. Visual Observations - Visual inspection does not
indicate that any blockage of the channel would be likely. -
The spillway discharge channel immediately downstream of the ®
end of the concrete channel is a nearly vertical sided channel ‘
cut into natural soil and bedrock exposures. The channel
curves to the right and, under heavy flows, will be subject to
erosion along the channel bank, however serious blockage of
the channel due to this erosion is not anticipated.

——
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e. Test Flood Analysis - The test flood for this high
hazard, intermediate size dam is equivalent to the Probable
Maximum Flood (PMF). Based upon "Preliminary Guidance for
Estimating Maximum Probable Discharge", dated March, 1978,
peak inflow to the reservoir is 20,100 cfs (Appendix D-2);
peak outflow is 19,000 cfs with the dam overtopped 1.7 feet
(Appendix D-10). Based upon our hydraulics computations, the
spillway capacity is 9,900 cfs, which is equivalent to
approximately 52% of the routed Test Flood outflow.

f. Dam_ Failure Analysis - Utilizing the April, 1978,
"Rule of Thumb Guidance for Estimating Downstream Dam Failure
Hydrographs", the peak failure outflow from the dam breaching
would be 133,100 cfs. A breach of the dam would result in a 20
foot high wave immediately downstream of the dam at the house
and filtration plant. The breach outflow will enter Konolds
Pond approximately one mile downstream rapidly raising the
water level and causing Konolds Pond Dam to be overtopped by
approximately 8 feet. The high water level in Konolds Pond
will affect at 1least 10 residences along the shoreline
upstream of the dam, while the outflow of about 30,000 cfs
from Konolds Pond would be discharged into the heavily
urbanized area of Westville immediately downstream.

14




SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations - The visual inspection did not
disclose any indications of stability problems. The
inspection revealed:

1. Seepage flows probably through the lower zones and
foundation of the dam which caused the wet areas
downstream of the toe.

2. Seepage flows under the concrete spillway and,
possibly, through the left abutment adjacent to the
spillway.

The seepage could 1lead to a decrease of the dam
reliability in the future and at present it could cause a
lessening of the stability of the spillway structure (uplift
pressure) and accelerated deterioration of the spillway by
freezing - thawing cycles of the concrete.

b. Design and Construction Data - The design and
construction data is not sufficient to permit an in-depth
analysis of the stability of the dam. Data available does not
include information concerning the dam cross-sections such as
locations or configurations of the concrete or masonry
corewall, nor does it contain information on the properties of
the foundation.

c. Operating Records - The operating records do not
include any indications of dam instability since its
construction in 1890.

d. Post Construction Changes - The post construction
changes consist of:

1. Construction of the intake gate house in 1920.

2. Construction of the new wider and larger concrete
spillway and spillway channel in 1969 to provide
capacity to pass a storm in excess of the Westfield,
Massachusetts storm of 1955,

3. The material excavated during the lowering of the
spillway was placed adjacent to the left downstream
toe of the dam and to the right of the spillway
discharge channel.

15
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4. Construction of the fill berm placed at the downstream
slope adjacent to the lower gate house and

installation into the berm of the drain pipe system
with a manhole in 1969.

The new gate house and spillway construction yield
increases in the dam stability normally associated with
increased discharge capacity. Placing excavated material from
the spillway along the downstream toe will increase the cross-
section and hence the stability of the structure, provided it
does not cause a build-up of hydrostatic head within the dam,
which will depend upon the permeability of the natural on-site
material placed. The effect of the berm at the right end is
similar; in this case, the toe drain effectively provides an

outlet for seepage, thus reducing hydrostatic pressures within
the dam.

e. Seismic Stability - The dam is in Seismic Zone 1 and

according to the Recommended Guidelines, need not be evaluated
for seismic stability.

16
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SECTION 7: ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Condition -~ Based upon the visual inspection of the
site and past performance, the dam appears to be in good
condition. No evidence of structural instability was observed
in the dam or its appurtenant structures. There are some
areas requiring attention including the seepage problems under
the embankment and the concrete spillway. Recommendations and
remedial measures are presented in Sections 7.2 and 7.3,
respectively.

Based upon the "Preliminary Guidance for Estimating
Maximum Probable Discharges"” dated March, 1978, peak inflow to
the reservoir is 20,100 cubic feet per second; peak outflow is
19,000 cubic feet per second with the dam overtopped 1.7 feet.
Based upon our hydraulics computations, the spillway capacity
is 9,900 cubic feet per second, which is equivalent to
approximately 52 percent of the routed test flood outflow.

b. Adequacy of Information - The information available is
such that an assessment of the condition and stability of the
dam must be based solely on visual inspection, the past
performance of the dam, and sound engineering judgement.

c. Urgency - It is recommended that the measures
presented in Section 7.2 and 7.3 be implemented within two
years of the owner's receipt of this report.

d. Need for Additional Information - There is a need for
more information as recommended in Section 7.2.

7.2 Recommendations

A registered professional engineer qualified in dam
design, hydraulics and inspection should undertake further
studies in four areas pertaining to the hydraulics of the dam.

a. Based upon the computations in Appendix D, the dam
spillway capacity will be exceeded by the Test Flood. The
owner should consider initiating more sophisticated flood
routing by hydrologists/hydraulics engineers to refine the
spillway design flood figures. A study should be undertaken
to determine more accurately the spillway capacity and
overtopping potential. Recommendations should be made by the
engineer, and implemented@ by the owner, to increase the
project discharge capacity based upon the more sopisticated
hydraulic/hydrologic study.

b. Seepage emanating from near the toe of the dam, both

at the wet spots near the right toe of the dam, and the seeps
from along the sides of the spillway channel embankments at
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the left end of the dam, should be monitored during dry
periods with high and low water conditions in the reservoir.
An assessment should be made of the origin and significance of
all the seeps with respect to fluctuations in the reservoir
water level, and if deemed necessary, recommendations should
be made for the control or elimination of some or all of the
seepage. The assessment of the seepage should attempt to
evaluate the permeability of the dam, its foundation, the
spillway base, and the left abutment by determining relative
amounts of seepage through each.

c. An assessment should be made of the uplift pressure
periodically being exerted on the concrete spillway channel
slab. The adequacy of present measures designed to relieve
the uplift pressure should be examined, and if needed,
recommendations should be made to further reduce uplift
pressures and to prevent seepage from surfacing through the
concrete slab.

d. A program should be developed to repair leaking
expansion joints and cracks in the concrete spillway and
spillway slab.

7.3 Remedial Measures

a. Operation and Maintenance Procedures - The following
measures should be undertaken within time frame indicated in
Section 7.lc, and continued on a regular basis where
applicable.

1. Round-the-clock surveillance should be provided
by the owner during periods of unusually heavy precipitation.
The owner should develop a formal warning system with local
officials for alerting downstream residents in case of an
emergency.

2. A formal program of operation and maintenance
procedures should be instituted and fully documented to
provide accurate records for future reference.

3. The New Haven Water Company has instituted a
yearly program for inspection of all their dams, including
Lake Dawson Dam, by a consultant competent in the field of dam
inspection. This program, which has been in effect for the
past three years, should be continued in the future on a
technical basis and should include the operation of the low
level outlets.

4. The wash-out under the spillway channel slab end
should be filled with suitable material and compacted to
increase the stability of this zone. Areas of settlement or
erosion behind the spillway training walls should also be
filled in.
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7.4 Alternatives

This study has identified no practical alternatives to the
above recommendations.
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APPENDIX B

ENGINEERING DATA AND CORRESPONDENCE
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LIST OF EXISTING PLANS

"New Haven Water Co.

West River System

Plan of Lake Dawson Gatehouse

Town of Woodbridge, Ct."

Office of Albert B. Hill, Consulting Engineer
June, 1919

"New Haven Water Co., New Haven, Conn.
Dawson Dam Spillway Modification"

6 sheets

Malcolm Pirnie Engineers

June, 1968
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SUPERVISION OF DAMS 2 2-358.7
INVENTORY DATA orq

NS -

Date (S MAY (64

LAt qi1~2Q,0

Name of Damor Pond L AKE DAWSON _
Code No. WS 7.9 A o

Nearest Street Location ROOYE 69

Town WooD BRID <

U.5.G.S. Quad. _ NEW  HAVEN

Name of Stream WC ST RA\VE

—-sea e e s —g—

Oviner NEW  HAVEN WATER ComMPANY }Z‘/’/ )
Address __ 100 CQowWA) STREET 7.3

- - e e ——- ——

NcEw  WAVEAN

P L T R )

141

Pond Used For WATER  Su PPy

—Z7E
Dimensions of Pond: Width o0 FOT Leng'h 3000 FEETY Acca “FB ACRE:
)0
Total Length of Dam _ Q00 FceT Length of Spillway—SY FeET
Location of Spillway EAST _€ND F%F DAM
Height oi Pond Above Stream Bed o Feey
Height of Embankment Above Spillway &_Fcer
Type of Spillway Construction _ COAX QRE TE )
Type of Dike Construction EARTH £i1P- AP  OVSIREAM
Y ]
Downstream Conditions NEW  HAVEA ° °
- 1
Summary of File Data
) . @ ,11
Remarks ]
e e i e e e o e e _ o
B-4
Homld Fadluve Canse Damnge? _.__.‘_({’;._5 e e Class Q i :;
L [ ® [ o o  J ® ® o ® ® ® ® o L)
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NEW HAVEN WATER COMPANY
STATISTICS ON DAMS¥*

NAME Dawson
I SUPPLY SYSTEM West River
LOCATION Woodbridge
DATES: ORIGINAL CONSTRUCTION 1889-1890
L ADDITIONS, ALTERATIONS 1919-1920; 1968-1969
MEAN HIGH WATER
ELEVATION LENGTH
- CREST** 164.0 1000% Ft.
TOP OF CORE WALL
SPILLWAY 157.50 110 Fe.
- B. O. AXIS 117.0 2@ 240 Ft. each
BED OF RIVER 116t
DEEPEST FOUNDATION 109%
] FREEBOARD: CREST TO SPILLWAY 6.50 Ft. _
CREST TO TOP OF CORE WALL
HEIGHT: CREST TO BED OF BROOK 48t Fe.
b CREST TO DEEPEST FOUNDATION___ 55% Fe.
TYPE Earth and Concrete Corewall
TOP WIDTH--MAX. BOTTOM WIDTH (Ft.) 18t -- 200%
® . UPSTREAM SLOPE H/V 2/1
f‘ DOWNSTREAM SLOPE H/V 2/1
| TRIBUTARY WATERSHED (Square Miles) 13.0
P RESERVOIR AREA (Acres) 69.5
RESERVOIR TOTAL STORAGE (MG) 352
RESERVOIR USABLE STORAGE (MG) 237
2 - *See individual sheets for more details
| **Crest Length includes spillway Date _ 8/12/74
B-5
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P . PATE AYG. 17 /1
A€ OF DAM _ DAW SON

PE
ler'ﬂ] deam. wn‘}l conarefe _covewall, Covownll 1«45{_,«\__/;2(..{?_,_

on_ vt _awncd_ad_Rasl cn besd prsc mardoas adl,  Bip_ap s

e b.&'h’(f?_!.'l -Z{ff(f’ 0\’\(‘;& neld cewstrege feom i (8857~ /u}/s er/a.-r lef
2 L‘ZO(QV\ 3 /\’f‘ﬂ’w&_‘! afe llt/' to o\\,l ¢4

An_gpstveaim (C]T“'/f ,’mas_e__é
IC?'?_-/??A) Nuu- w.r(&( 3»;_//441:9« rwgl e !
{

s m's-/n//ﬂc/ u—g
l,,[]waq g/v(nnJ pistallest 1o, 1968~ I76J

CATIO
oM k)oor“)\"uc!op (7o //7(3 WGo'}‘ PtUx”/l ﬂprO)’lmaft?jq 7‘&0@ l‘nlln‘)'

nmia _(zwo! “4p "'{\Lﬂ'm froma /ue }Oom{(ur (}:/)— quffhgm,, yZ P ALY,
IS _ﬂ“’— ff"l‘ \(ﬁf_ of S‘{'Q'/Q“HcOJ;(u(}ﬂ A’ﬁ 5? /anﬁrgn_ 2 < 7//(_» Ll{(")‘l (L"L{
lQ.x’nDl/J . I 1887 --IF'GO if th/_ Zorqlf”a’ g5 beinn (‘L\o_u'l‘-' 35¢0 feoy .

. —hf’lﬂll {,)n ! \"“”Qu M H zu__h)OOJ‘B\" c’a v

IvPPLY 5YSTEM_Z_ West River

CATE OF COMSTROCT!ON
eI GINALIBB1-180 = dare with dewnsiveam gate hous e
§THCR 1919-{920 ~ ypstream nfake nn‘;«oqmu,o constricted.
;1988 - 1969 —— nreer wiichy, Jr/mﬁ/) :S'gf]/w"a ancd sb 100 chanae/ |
c:ausfﬂzc:/aqf e nvav;oe( Cf)l‘ﬂn'{!‘ {n }‘{l‘ﬂﬂ/ﬁ :‘;‘no-f/rfv’ﬁv{ a
gl : . 24N ’ Dod:__;j_
l Laf ‘.'r)fm‘{“((’.am S,g(r.,. mcjc{a’mn Qa, [)0;_1\. Q_/mtn X b_t '/sMLJ
(:fgum.S'!’f'fn\ T(OQ Of t')v\}\nm/’)’\)/f’nf, Meour 0‘{5 Iy, //))p ﬁt/Sfﬂm
wmatolled ;3 herm el dewmstrcom foe, dyaining fo
‘{)Q.S-f‘ Pcl«‘% . d

[ 9

INGINEER ' \ 1. CONTRACTOR

18°1-1£90 Locian A, ThYLoR New- Haven Wade v Corapany ‘

19.1-1920_ALpepT B.Hiw New Haven Watle COMPQ)\‘I :

191.8-1949 MAL coria Pizme EngleEes The Branalli Construction Ccrrpmn_y ?.
ELEVATION LENGTW (Feet) Misc.

CREST 164.0 M.R.W. 4_/ooo

S ILLWAY 157,50 MRw. 110 Top_of $lash Losads

AYLS OF B.o _ /17 MHw. 2240 cach 2-3L" C.1<Rlewosfs

® D oF RWER £ /& MUy ' —
DLEPEST FNON. 2109 MH.W.

B-6
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HEIGHT FROM BED oF BROOK ' + 48  Feet

HEIGRT FROM DEGPEST FOLNDAT(ON ' + 55 Feet -

TOP WIDTH + I8 Feet

MAYXIMOM WIDTH AT BoTTOM + 200 Teet

UPSTREAM 9SLOPE 2 Hoy. on. | Vev.

DOWNSTREAM sLOPE oo

FREE BOARD = SPILLWAY TO CREST 6.5 Fess
- SPILLWAY TO ToP oF COREWALL .8  Feei

Misc. DATA . -

& Pesevuon~ capam ’q ncveased 23, 830,707 (‘q//ows iq_ yYeavt evel
ane _sale of L‘/Z, 745 cubié of‘?/z,a’s of v\?nfq \f@m)’(pu:/
bouleleas s 1966 =1962 1nelusPve. Dawson S’}DU:'//WQXI rc#:“'wc/ n
19(2. ka C;rowr‘:ég(p. q

WATERSHED TRIBUTARY To! .

VDPSTREAM DAMS 12,2 9. Mi
THIS DAM 0.2 So. Mi
ToTAL WATERSHED TRIBOTARY To THIs DAM [3.0 Sg.Mi
RESERVOIR AREA AT FLOW LINE 69.5 Acves
RESERVOIR CAPACITY AT FLOW LINE ¥ JI52 M/l Ga

RESERVOIE USABLE cAPACITY (Tolewest sutlet)Topi! K 237  Mil.ga

UPSTREAM DAMS
G.})MJJQIN Dore £ f/”); D:m\_m\& .SMr;g;\t Elb‘uz_qnc/ BPL/L(’M ,L‘Do}" ch‘/
Wafrorss Do omZhe West Riury ot Moty Haven Watom Co . The
F'\Q-“—"_QLLownec/ Beuvnhom Sewr Mi| (.ﬁjo. 2 Pondl, /mmmf,q_;ilJ eensAroaen
fray_thd “ pDer evcf of Watvoys Resevvons s panl of 75> 3.2 Sp. 'u, /,, wa boshe/
DowwﬂTRL AM DAMS i b 7‘»48 +o M'f‘r‘aq.s Eat TN
Kbn&]({ Po’ﬂ.‘{__D’!M ' N
._P..Qh_é L.y ”0“ D.QM Ov{ '/AP PCJ)'«C(L; ”0”‘ C‘"'.n“‘bLfluk°!/“}&M, m“)_b]ﬁ.‘-_*ai\.
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TJo: Mit. A. L, Cordin,Jv., President
Prom: Joseph A. Novaro, Chief Enginee:

Re: West River Wetersiwd,

Flood cadhtions 1o 19%% at end upstream from the Whali.ey aveiue
bridye in Westvi:.e, genetaliy artrihuted to the West River, actusliy werw
Lhe resull of Leavy olorm tunfte L1108 seveial watersheds:

.. West Rive .yiig weat and s .th of West Rock, eveutua, y passing -nder
the Wha.iey Aveaae hrtdge.

’ o
> .

2. An srea slaztiny at the Yale Goif Course punds snd extending nurth to
the Fountaiu >treet - Whalley Avenue srea, !i1atniig to West Kiver.

3. Wiatergyreen Biovk (ying esst of West Rock. It enters West Kiver about

huv teat norih of the Whaliey Avenue bridge. ’ 1

4. Varm Brook, east of West Rock, starting about une mile nurth of Paradise
Pur« 1 Hamdgr «na diralning south intu Wintergreen brook sbout 1900 fest
soutlieast of e Springside NHome,

Au danamed Lroos lytlng between 3 and 4 sbove, which starte ahout vue-haif
®m. ¢ wesi of Paradise Park (n Hamdeu and dcailns south tnto hintergreen Biock:
at s prtut tn tte Brovkslde Huusing area of Rew Haven,

. Besver Puu- vetershed which stietches sppruximately from Arch Street Lu

Ham:e . scuth to Gotfe Street in New Haven. The brovk frow Beaver Pand crunsg T

8 atlweat, eutering »ilatergreen Brook sdout ‘WO feet north of the Whailey
Ave ue bridye. ’

The watersieds tridbutary tu the Whalley Avenue bridge tots! 29.)
squsie miies which I have broken down, for aualysis, Lnto three main areas:

Wotth of snd tributary to Dewson Daw 13.9 oq. of, -

‘e 1]

" Wintergres: Dem 1.3 0q. ul,

13.9 oq. ui.
Totsi 29.3 8q. nuf,

Reseining watershed

The Nev llaven Water Company owne sppionimstiely one equare mileé of the
1.5 square miies of vatershed ttibutary to Lake Wintergreen and about 8 square
aiies of the 13.9 squate nlies of watershed tributary to Lake Dawson., The
balance Lo owied Ly rtrets. The Company owned .and, ueed for water supply
purposes only, aud ve.l furested, has not cout.luuted to eny increase in

flood sunoff. In feact the Company'’'s forestry prugram bas effected sowe
decresse fn the rate of storm water gunotf from the laud,

The balance of the land owned by others a .d draiat~g L0 the Whalliey
Ave:iue bridge hes been a:nd wili continus tu »e deveioped fur housing, schools,
tud et1y and collegas. Thel:r iculs, drivevays, etreets andg pecking arsae

inciease the amount and rate of sturn water rurwffe and stoim water severs, whare
{aosiali.ed, accelorate tie tunott,

B-8
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Our reservoirs generally start to go down esrly in June and
continue tuv go down until lete in Lthe yesr. About half tne year's,refilling
starts adout the middle of November and about the middle of December the
rest of the years. Occeasionally, as recently experienced, our reservoirs
start to refill in Janusry and very occesionally in Pabruary. Our raservolirs
thus are in & position during the hurricane season to receive and retain a -
large portion, and sometimes all, of the storm runoff f:om the 15.4 squsrte
miles tributary to thew,

In August 1935 hurriesne Connia, {ollowed by Dianne, drought heavy
rains to this area. Dianne cousad considerabls damage in Milford end the
lower Naugatuck Velley. In the pertod August 8 to 14 tnclusive reinfall st -
Lake Dawson totalled 4.164”. On August 18 and 19 hurricens Disane drought an
additionsl 6.6) . In one 24 hour period 4.8 fell st Dawson.

/

xn?thmo extanded storm period our reservoirs received and retained
477 mililon gailons of water. Glen, Metrous, Chamberiain, Betasay and Wiater-
green retained all the runoff reaching thes, allowing nothing to go downetream.
Dawson, on August 19th, with its small tributary wvatershed of 0.8 squsre miles,
finally filled byt the depth of flow over the spillvay was only one bhalf an
inch. The dets {s ifsted herewith:

Before the Storms After the Storms
Reservolr Level Niilion gals. Reservoir Level MNiilion galae.
. __to fill . to f1ilt
Navaon down 0°' 1/2" l Pull 0
Glen " 21" 3 140 down 10' 3" 3
watrous " ' L 209 " R A 86
Chamberlein Lapty 164 N &' 10" 49
Belhan* down 4° 6" 1)y Puii ’ 0
Wintargreen T8 6 _bb down 2' 5" 23
Totals s 261

Amount retained 718 - 241 - 4)] million gallons.

In addition -about 9 wmillion galluns per day throughout the entire stors period
vas slso utilised for water supply purposes.

The heavy storw on Octoder ie to 17 inclusive in 1955 produced floods
and considerable damage in the Westviile ares. Our rain gauge st Dawson
vegiotered 8.34" of ralufall in this period. Of this 5.85" fell f{a one 24 hour
pevi.d alone. Our reservoirs were ail full after this stocm but prior to

{ililug they stored and rotctnod 250mtlltun gallons of water se shown in the
Aata be.ow:

Reservoir level Hilllon gale, to ftil

Dawsuva over 0' 1/2" 0
Glen down 5' 1" '}
Watroue o2 e 8
Chacderlain "9 4" Y
Sethany " o' i/ 2
Wintergreen A T AL B3]

251

Ia sdditfon, at the height of the storm water runcif our reeservoics
tepurarily stored 215 million gsllons additional above their spillways, B-9
preventing even highet flood levels down stream by releasli.y this over a
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) \,: greater period of tims. The data (s herewith: )y
| Pepth abovo Spillvay Surfece Acres Acre-feet NMilifon gele,
Daweon " 7 Tooan 53.95
- Clen 2‘ 1 27 70 22,6
> Wattous ' 110 211 68.1 .-
Chamberliatn 2' 0" M 74 23.9 .
Bethany o' 1" 106 97 31.3
Wintergreen L' o” 44 I X 16,1
215,35

The effect of reservoir storage sbove the spillvay level on downstress - —
flood conditions can be checked by comparing the flood runoff from the resecvoir-
controlled vatersheds with that of the other watersheds as followe:

l. Froa lakp level records (depthe on spillvay) I have cosputed that at pesak
runoff appronimately 1425 cubic feet per second were passing our Daveon and
Wintergreen dams. Por the 15,4 sq. uiles of tributary watershed this fo a&n -
average runoff cate of 92 cubic feat par second par square mlle of watershed.
(Septenmber 1938 hurricane runoffs were in the 40 to 80 range).

2. The peak flow under the Yhalley Avenue bridge, computed by Consultants for

the State, was 3,525 cubic feet per second, Bubtracting abowe 1623 cusec. leaves

2,100 ousec. contridbuted by the remsining, uncontrolled 13.9 square miles or at
@ an average ruavl{f rate of 151 cubic feet per sec. per equare uile.

Peak runoff rate from the uncontrolled portions of the watershads
therafore was about 50 per cent higher than f(rom tle controlled wetersheds for
this particular storm. This Le pot surprising when you consider the absence
of large reservoirs and tie large amount ot Lapervious surfsces in the built up

|jTesidentisl, commerciel, school snd tadustrisl areas. T

Consultants for the Stats reported that a 483 inch diameter eever

s suspended under the floor of the bridge restricted tha flow ares of the bridge,
sccentusting flood conditions upetresam, In order to pass the computed possidle

flood flow at thie point - larger than the 3,525 cusec. - the Consultsate

recoumended that the sewer be replaced with & siphon under Vest River and that

sdditloual waterwvay capacity be pruvided dy widening the bridgae.

Since his flood New Haven VWater Cuompany has rstsed Chaxberlsin DNazm
35 feat increasing Lts storage from 184 million geilions to 89« million gallone,

Thue in the ‘fugure additional apace has been ;rovided tv etore and retaln flocd
rana€fe,

While Company vwned land will remsin weil forested, retaining nornal
yield and runoff, the sress owned by others will continue to bve developed for
other uses - uses vhtch will tnovltably incrasse the smount of storm nmo‘t
and the raiset gusoff. =~ ™
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Kr. Joseph W. Cone,
Civil Engineer,
124 Havemeyer Place,

Greenwich, Coun.

Desr Mr. Cone:

Refferring to your letter of Apr!l

followine:

NEW HAVEN WATER COMPANY
NEW MAVEN, CONNECTICUT 08808

Tet: MA 4-7503

oo 7‘ T, gy b .
'IJL(_S \55 /ft\_, (‘ k v{)\.."{ ‘%J/Q"

- '
’

April 12, 1965

Sy

e

’

2, 1965, we enclose the = _ . .
o

1. Data forms for Chamberlsin, Glen, Bethany, Watrous sand Dawscn Di...

2. Plans for sbove dams.

3. Sanitation map showing limicte of watershrd tributary to sbcve dass.

In the period from 1937 (o the present, depths over the spillweys

o! the above dams in most ceses have been less than one foot,

Our rain gauge at Lake Dawson recorded a totsl of 4.i4" :n the

August 8 - 14, 1955 storm,
ore l4-hour period rainfall totalled 4.8/,
dovnstreaw but Lake Dewson was full st the end of the storm,

The Lake Dawson rain gauge recorded 8.84™ of rain in :le

It recorded 6.6'" on August 18-19, 1955. 1in

None of the runoff wen:

October 14-17, 1955 storm, or which 5.85" f{ell in one 2&4-hour perfod,

This storm filled the four upstream reservoirs.

Maxisus depths oOn

spillivays occurred on October 16, 1955 and are recorded on the dets forms.

Chamberlain Dem ves raised in 1958-1959 and & new lerger

spilivay wvas provided. Stovage was incressed from the original 164 sfllfon

gsllons to the present 894 million gallonms.

1f you will let me knowv when you wish to make @ fleld fuspectios,
T will be glad to make the necessary arrangements.

. At - ——

Yours very truly,
NEW RAVEN WATER COMPANY

/\0-%%

vozoLED oseph A, Novear0 -
.- v . ; Chief Ragineer
i
B-11
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1965
REPORT
CONCERNING DANS

Owned by
NEW HAVEN WATER CO.
BETHANY

WATROUS
CHAMEERLAIN
GLER
DAWSON

on the

WEST & SARGENT RIVELD

Je W, Cone POE.
June 1965

e,




e e e e e e e e

o
o

INDEX o

° °
Part I Page
Letter of Transmital 1=l
Il Watershed S=6 * _.
Precipitation 6=8
Flood Flow 1955 8~9
Q=9 Azé vs Conn Formula 9«10 ’ *
Spillway Capacity 11
MAF, Comparison Check 11=12 B
Bethany 12-13 ’ * .
Watrous 13
Chamberlain B 1 .
’ o
Glen 14-15 B
Dawson 15-17
]
» °
>
Genaral 17 ’
Part II o
L
NOTEZ: Maps, graphs, etc., are in saparate
folder.
! ®
e
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- SECTICUT RESISTRATION & CIVIL ANGINEER TOWREENe D-B10s
t " 1824 HAVEMEYER PLACK
k . T3, T GREENWICH. CONNSCTICUY
: 06830 ®

June 26, 1965

Mr, William P, Sander
. Water Resources Commiassion o
h State Office Bullding o
Rartford 15, Conn, Re: Dams #3656 = 1 to S ‘
New Haven Water Co. .

Dear Mr. Sander:

JFirat, I apologize for not completing this assign~ e
rent more promptly; reasons being that a low quality
virus for over a month left me with no pep mentally or
physically, and delays in obtaining certain plans and ®
information,

The assignment was- "we would like to know the

i;i present condition of these dams” ~ Bethany - Watrous - o ?
Dawson on West River and Chamberlein - Glon on Sargent R
River, a tributory to West River above Dawson Dam, ‘- 
In my opinion, the “condition" of these dams is - ¢
good as regards masonry of the throe mesonry gravity
dans and the upkeop of two earth embankment dams, -
But as regard to whether or not the dams are safe, ] ’ 
partioularly as regard spillway capacity, my opinion 1is ;: .
as follows: ) ;
3t-1 PBethany Spillway is inadequate, lowever a thin
sheet over a length of 990! will do comparatively
1ittle damage except to highway, The gravity B ;NWQ‘AM
. soction 1is safe,
- _




lﬁu wnum P, Sander wlw Jume 26, 165

35-2 Watrous Generally same remarks as for Bethany,
35=3 Chamberlain Spillway 1s adequate in every respect
B as is the dam, It 1s reassuring to find a spillway
| that will carry 1525 cfs per sq. mi. on ,1 sq, mi,
Note Items #26 & 28 on Data Shoet,
1 35=L Glen SpillwAy is nowhere naar adequate, In fact,
Octe '55 flood nearly overtoppcd earth section at
loft or east abutment., Section of dam 1s safe,

Right abutment should be raised to protect

highway,
Left abutment should be investigated:~
= G (a) To determine whather or not there is a core
wall,
(b) Possibility of smergency splliway or fuse
A pluge.
(c) Note Items #26 & 28 on Data Sheot,
35=5 _Dawson Present spillway is entirely inadequate
L t. carry probable flocds ol lhe present and future.
In fact, ths dam would have been overtopped if
certain saving factors had st twen pracent in
L Oct. 1955,
(a) DNot an excessivo rainfal!l, only atout R of
50 yr, (Compare with proclpitation graphs)
(b) Several of reservoirs were below FL (See data
@ notes by Navaro which you have)
B-15
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(c) Flood Q '55 at Dawson of about 2100 cfs has

an R value 3.8 (2100 = 560) equivalent to
120 yr on old Conn, curve and 55 yr on re-
vised 1965 curve., (See graph PL 13)

Items #26 & 28 on Data Sheet are particularly
11luminating,

it doos not need a lively ima:fnation to visualize
what would hapnen to Westville and New Haven if Dawson
should be overtopped; Norwich fallure would bs peanuts
comparatively.

A brief dlscussion of pertinont data and situations
follows. Also there are prints of sections of dams,
precipitation gravhs and various othar graphs that I
usod or are pertinent to this lnvestigation for general
information or checking purposes,

Please excuse the informality and crudness of the
matter submitted, the objective being to reduce costs to
thz minimum,

I would observe that Mr, Navuro, Mr. Ferris and Mr,
Feynolds of the New Haven Water Co. were most cooperative
as was Mr, Thomas of Lhs U,7, euvlorrlical Surveys

My recommendation i{s that th» liow Haven Water Co.
va advisod that thelr consulting cugineers should inves=

ti;ate the entire system, with particular emphasis on

B-16
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Mr. William P, Sander “lj= June 26,

conditions at Glen and Dawson, and submit corrective

measures,

Yours very truly,

-

. rs et
* "' e -

mc/dr -Je We Cone

Enc: Part II
Photos (11)

B-17
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NEW HAVEN WATER COMPANY ‘.\, ' -

o
NEW NAVEN, CONNECTICUT 08806 ’ _
- July 15, 19681 Wi(ER RESOUL
COMMISSION
RECEIVEL - - - _
Mr. William Wise, Director, . > °
Water Resources Commission, oL 18aB
State Office Building, e g
: ; IANSW R.D..
Hartford 15, Conn. 3R T -
Dear Mr. Wise: ff-ZD....... aertieeens "

As promised we are writing to report proqress to date on the
studies of our West River System.

Oyr consultants, Malcolin Pirnie Englncers, have iathered all
available data concerning thc 1955 hurricanr storms and the characteristics
of the West River and Sargent River watersheds, reservoirs, and dams. This
information has been supplemented by 8 ficld investigation by them.

They arc using the unit hydrograph method of analysis. Thelr
first step is to reconstruct one of the 1955 storms and route it through
the wvatersheds. 1If, by this procedure, they can produce, within reason,
the conditions which were observed at the various dams during the 1955 !

storms, the characteristics of the unit hydrosraph and the procedure can
be considered verificd.

ith the procedure verificd, thev plan to route a 100-year storm
and a 1000-year storm thwoush the rescrvolr s.stems. The results of these
runs will be used to determine what improvements to recommend. Stability

anal—-scs will be made after the desizn hydravlic conditions have been
deternined.

To date cur consultants have complcted their seneral hydrologic
investications; have constructed unit-hydrocraphs to be used with the
draina;e aréas tributary to each dam and reservoir: have selected and
arran;cd rainfall datsa to be used for thr 1955 storm and for the 100-year
and 1070-year storms snd have computed ineflow hvdrographs into esch of the
rescrvoirs for the 195§ storms. Rating curves are beins computed for each
spillway. When these computations are completed the 1955 storm will be
rout~d throush the svstem in order to verify the procedure,

Our consulrants advise that their final report should be ready
by (e end of September,

Y urs ver: trule,
NEN VHAVEY WATER COMPANY - O

/‘(‘;2627LV4QUN S 1
seph A. Nevaro R o
Chief Tnuincer '

-—. .
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NEW HAVEN WATER COMPANY

| & NEW HAVEN, CONNECTICUT

g REPORT ON _

FLOOD FLOWS AND SPILLWAY CAPACITIES .

WEST RIVER SYSTEM DAMS

i - JANUARY 1967

MALCOLM PIRNIE ENGINEERS
Office Park
226 Westchester Avenue
White Plains, New York 10604
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~ " I. PURPOSE AND SCOPE

,'.:..
-

On June 26,'1965, Mr. Joseph W. Cone, Dam Consultant to -
I ‘ the Water Resources Commlssion, reported to the Commission
the results of an asslignment by the Commission to study the
present condition of the dams owned by phe New Haven Water
l i Company on the West River and its tributaries. Mr. Cone's
report, which will be summarized later, was not intended to
be a comprehensive study of the dams in question. It indi- -
cated that spillway capacities on four of the five dams

concerned were less than considered desirable, and recommended

that a more detailed englneering study be made by the Company -

g [

o to determine deficlencies, 1if any, and the necessary cor-

i i . rective measures.

- L . o
- ‘f Subsequently, Malcolm Pirnie Engineers wvas authorized to s

a ,

study the adequacy of all spillways in the West River system

and make recommendations as to changes and additions.

v
T

il
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- | II. DAMS INVESTIGATED

The dams under investigation store water for the West
River or Woodbridge system and are located on the West and
Sargent Rivers of Connecticut. The dams impound runoff
from a total drainage area of 13.6 square miles, the southern
extremity of which lies approximately one and four-tenths
miles north of the New Haven city line. The system has a
yield of about 10 million gallons per day.

The following tabulation contains pertinent data con-

cerning the dams and reservoirs studled.

- Bethany Watrous Chamberlain Glen Dawson
: Date Bullt 1872~ 1914 1899~ 1907 1889
) Q 1931 ~ 1959
"'" Drainage Area S.M.
Direct® 3.8 3.3 4.0 1.7 0.8
Total 3.8 7.1 4.0 5.7  13.6
- K Res. Cap. MC " 650 725 894 197 325
: Res. Area, Acres 105 109 102 26 69.5
_ Spillway Data
o 43 [ 213 21 /¢
E . Elev., MSL k32 224 398 7 220 1575
3 Freeboard, Ft. 4.25 5.0 12.0 4.0 6.0
Length, Ft. 80 70 50 4o 80
*¥Does not include drainage area above upstream dam.
Additional data are as follows:

' Bethany - Gravity masonry section built in 1892, faced with ___@

concrete in 1931. Downstream embankment. G3pillway on dam B-21 1




crossed by bridge of limited headroom. Downstream channel

A
L not limiting.
. Watrous - Liles two miles downstream from Bethqny Dam
u on West River. Watrous is a gravity concrete section with
an earth embankment on the downstream side. 1Its spilllway is
not obstructed and the channel leading from the spiliway 1s
» not limiting. Watrous Dam is about 0.6 miles upstream from
» Lake Dawson.
Chamberlain - Chamberlain.was bullt of earth on the
- Sargent River branch of the West River, wlth a masonry core
wall, in 1891. It was raised 35 feet and 2 new spillway was
. constructed in 1958-59. It has a side channel spillway with

ample downstream channel capacity.
Glen - Glen Dam is a.gravity concrete structure on the
Sargent River one and one-half miles below Chamberlain Dam.
Dawson - Dawson Dam was built in 1889. It 1s an earth
structure with a concrete core wall. The spillway channel

i ‘ was damaged in the 1955 hurricane flood and rebuilt shortly

F ~ thereafter.

The West River continues to flow in a southerly direction
1. below Lake Dawson, passing through Konolds Pond and between

: New Haven and West Haven to Long Island Soﬁnd, about six 'miles

away.

B-22 E
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‘ - JII. REPORT OF STATE WATER RESQURCES COMMISSION

F Mr. Joseph Cone's report considered flood experiences
h ‘ at each of the West River dams and estimated the flows that

splllways of these dams could carry safely. The report did
not include a detailed study and was in effect a reconnais-
sance study of the structures in question. A detailed study

was left up to thé Company,land this present report concerns

more detailed studies of each dam and spillway.

Mr. Cone's conclusions are summarized as follows:

(1) A storm with a recurrence interval of'1,000 years
probably should be used in studying dam safety.

(2) The most severe storm of record in the West River
area, that of October 1955, was probably one with
a recurrencé interval. of less than iOO years.

(3) The West River drainage area is approximately at
the lowgr size limit of the Connecticut Formula.
Flood flow from its smaller parts can probably be

better estimated using the formula below:

2
Q =RF x LF x FF x 9A /3

Q = Flow, cfs

RF = Rainfall Factor
LF = Ground Cover Factor
FF = Frequency Factor

A = Area 1n Acres

_(4) Spillway capacitles of the five reservoirs of the

West River system are estimated as follows:

B-23




(5)

(6)

Dam efs esm
Bethany 1,980 540
Watrous - 2,660 380
Chamberlain 6,300 1,525
Glen 1,120 195
Dawson 2,870 215

The report concludes as follows:

(a)

(b)

(c)

(d)

(e)

Bethany should be able té carry a flow of over
4,000 c¢fs and with a 1,000-year storm would be
overtopped by one foot. |

Watrous spillway will barely carry flood from
its direct watershed and hence is deficlent 1in
capacity by the flow from Bethany or 4,000 cfs.
¢hambaf1ain has an adequate épillway.

Glen was nearly overtopped in 1955 and will be
overtopped by a greater storm.

Dawson was nearly overtopped in 1955 and can
be expected to be overtopped with any greater

storm.

It recommends a comprehensive study with corrective

measures to be applied as soon as possible.

B~24




( FROM SECTION V: FLOOD FLOWS) 13

These estimates indicate that at pcak rlow the Bethany
Reservolr is about 1.3 feet below the top of the dam;
Chamberlain Reservoir 1is about 7.7 feet below the top of the
dam; and Watrous Reservoir 1s about 0.3 feet below. Both
Waetrous and Bethany are masonry sections and little or no
freeboard is essential, although some is usually allowed to
prevent waves from splashing over the dam. |

The spillway at Glen Dam will presently carry about
1,200 cfs before the dam is overtopped. It is estimated
that this storm is of the magnitude thét has a recurrence
interval of about 300 years. The 1,000-year siorm, as used
in this report, would produce a reservoir elevation about
1.0 foot above the top of the dam. The dam is of masonry and

s ettt e e e —————— A = — -

could withstund overtopping. The overflow would be voluﬁin-

e [ TP, e . N SLEREE e - e . agben W MR

ous and would zqgult in considerable erosion below the da

e Sanen ama— o e &
e e

In our opinion the risk is too great to confinue operation

—

of this reservoir with tre presnnt spillway capacitj even

L

—mtem e oo o e o oEEN—— . e sy

though overtopping of this reservoir is not likely to cause

P IR E S end

canger to life and the property .of others below the West

River system. Methods of increasing spillway capacity are

T —te e o g G MM <

dlscussed In Section VI
Dawson splllway will carry a flood of 3,020 cfs with no
treeboard. With 2 feet of freeboard, the minimum we consider
arible for this dam, the 3pillway will cnrry about 1,9C0 cfs.
fhe estimutel cutflow for the 1,00C-year steorm 1s 5,300 cfs.

In our opinlsn the Dawson spillvway can safely carry a storm

with a frequency of about 150 years. Dawson Is the lowest

B-25
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14

i

dam in the series on the West River systcm and is located
above a populated and developed area that probably would
suffer severe damage and possible danger to life in case )
of failure. As 1t 1s an earth dam that must not be over-
topped, even by wave runup, its spillway capacily must be
increased materially. Methods of doing so are discussed in ‘;‘

Section VI.

Westfileld, Massachusetts, Storm of 1955

' - To investigate the effect of a storm similar to.the.

: ' Westfleld, Massachusetts,.storm of August 1955, the Norfolk,
Connecticut, recording rain gage record of the storm was

;: = adjusted to equal the 24-hour readings taken at the Westfleld

gage and the resulting storm was transposed to the West River

watershed. Hydrographs were const?ucted for runoff from the

storm,which flows were routed through the reservoir system.
This storm produced much more water than the 1,000-year

storm, and the pedk flows are of tﬁe magnitude of 50 per cent

greater. The following tabulation compares the two storms.

Outflow from Reservoir, cfs

Reservolir 1,000-Year Storm Westfield Storm

Bethany - 1,500 2,200 /9¢0 a2 17
Chamberlain e/t . 1,800 2,700 ¢3e° -
Watrous 2,800 . 4,300, 2660 7L
Glen 2,300 x3,800 200 ~ basen
Dawson ¢at o 5,300 'vB ® 8,700 36207

Figure 2 shows a visual comparison of the two storms in 4

terms of outflow from Dawson Reservoir. ! o
- -~
{ B-26
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*.?ﬁ . The Westfield storm pﬁfduces outflows within the spill-
way capacities on’Bethéﬁ;%Qnd Chamberlain. Watrous 1is
overtopped by about 0.2 feet. 1In view of the uncertainty of
the estimates and the construction of the dam, this slight
overtopping does not appear of great concern.

Both Glen and Dawson would be overtopped to a greater
extent than in the 1,000-year storm, and this factor has
been kept in mind in considering methods of increasing spiil—

way capacity discussed in Section VI.

B-28
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V1. METHODS OF INCREASING SPILLWAY CAPACITY

In our opinion there is . no need to consider modifica-

-~ et

tion of the Bethany, Chamberlain or Watrous spillways to ¢ ¢

-provide additional capacity to carry flood flows. Serious
consideration must be given to the effect of probable future ' )

flood flows at Glen and Dawson splllways.

Glen Dam

For Glen spillway to carry the 1,000-year flood without o Tif

overtopping the present dam_and without use qgrthq blowoff

will require_ingcreasing the sgillway length to 78 feet or, gpquQ//.}€ ?
S e~

with present length, increasing the freeboard to 6.0 feet. ééﬁvizl " L

T A ARt e e B s et

To carry the Westfield storm requires increasing the spillway

SRR S U
length to_95 feet-or. the freeboard to 9.2 feet using the

s e e 5 H O o cm et P VY e aida Y 2/-5 ( o

. . 5 B

present length. The factor of safety against overturning for > ..

Glen Dam, as determined in Section VIII, is as small as can
be tolerated when the water level is 4 feet above the spillway
crest, so raising the dam does not appear feasible. 4) !¢-J!»j1

It appears possible.to add the required length by build- ;,‘ ) ..E

ing an extension to the existing splllway at a 90 degree ;" - &

angle or by installing an auxiliary spillway at the north end

of the dam. Either 1s feasible, although there are advantages

to confining such work to the present spillway location so a

common discharge channel may be used. The existing spillway

may also be replaced by a side channel spillway 95 feet long.
Glen Reservoir has a small storage capacity and is

L__®
principally used to provide workable head conditions for
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the Sargent River portion of the West River system. Lower-
ing the normal reservoir level 5 feet would decrease storage
by about 40 million gallons and would reduce the yileld of

the Wesf River system a very small amount. At full reservolr,

pressurces would be reduced about 2 psi,

Although the urgency of providing more outflow capacity
for Glen 1is not as great as for Dawson, it is advisable to
modify the Glen spillway at an early date. The least expen- - :
sive method of doing so appears to be by lowering the
spillway crest as shown in Figure 3 to permit passing future
extreme floods without overtopping the non-overflow section - b

of the dam. For the 1,000-year storm used in our study, the_

- .-

spillway should be lowered_ at least 2 feet. For the
o . ot

- T —etpecn e cgi - -

Westfleld storm it should be lowered 5 feet. In view of the -

.
B e

i

uncertainty of all methods of eotimating future flood conditions

Y i o a—————
———————eg e b =+ -

b e

and the minor effect on system operation if this plan 1is

-~

t 4. . -—— A PPN ¢ WS
L v cavape - -

;£S£12ﬂ323_£§~recommend lowcring the Glen spillway by 5 feet. ' ™

R L, S T eyayiupusys

———
Tihe cost of cutting down and reshaping the spillway crest is

estimated to be of the magnitude of $5,000. The work does not
require extensive preparation and can be started at any time. . )

Crest gates cculd be installed on the spillway after
lowering.to maintain present storage. They wo'ld add approxi-
mately $100,000 to the cost.

An alternate method of obtaining the necessary épillway
capacity while maintaining present water levels would Se to
rebuild the spillway. This alternate will cost about $100,000, S
épproximately the same as the crest gate alternate. Given the

B-30
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two choices, we prefer extending the fixed spillway rather
than utilizing crest gates with their attendant maintenance

and operation problems. s e

®

Dawson Dam

The spillway at Dawson Dam now is 80 feet long. To _“__;:‘_
carry a flood of 5,300 c¢fs, without freeboard, the spillway
must be lengthened by about 40 feet. With 2 feet of free-
board, the length muét be increased 140 fect. To carry the .
Westfield storm of 8,700 cfs without freeboard would require .=
extending the spillway 115 feet. Extensions beyond about : :
30 feet by projection of the spillway line are difficult ;5 FER

because of topographical conditions. Extending a side channelj:-;filgk

spillway northward alongside of the reservoir would neces-

sitate channel construction through the existing spillway
channel. Detailed studles have not been made, but preliminary
examination indicates that it will be less costly to lower the

existing spillway: If the spillway 1s lowered 5 feet and

o
i

2 feet of freeboard are allowed, it will carry a flow'of about
7,200 cfs. This is more than the 1,000-year flood of 5,300
&;s and less than the Westfield storm of 8,700. The Westfield
storm would reduce'freeboard to about 1 foot. The cost of
lowering the spillway 5 feet would be somewhat greater than
lowering 1t 3 f?et, which would allow no freeboard for the L ®
l,Oop—year storm, but the major difference would be in rock
excavation, and the added safety would be worth the difference
in cost. We recommencd lowering the spillway 5 feet as shown . ‘
—_——

in Pigure 4, at an estimated cost of $125,000. B-32
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'N} . Dawson Reservolr is at too low an elevation for direct
) service, and its yield is now pumped into the system when
needed. Lowering the spillway 5 feet would reduce storage
by about 110 million gallons and would reducec slightly the
yleld of the West River system. Other counsiderations may
indicate the need of maintaining water levels at present
flow line elevation. If so, crest gates may be installed
at a cost of approximately $150,000, making the total cost

. of the work approximately $275,000.
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VII. EFFECT ON YIELD OF LOWERING STILIWAY ORESTS

If Glen splllway is lowered 5 feet, storage is reduced ;'V
about 40 mg. If Dawson 1s lowered 5 feet, the loss 1n
s storage 1is 102 mg. Total storage loss if both spillways are
L lowered is lh? mg. )
P During the 1964-66 dry period, water produced from
May 20, 1964, to November 1, 1966, averaged about 8.1 mgd.

The minimum amount left in stofage in Fébruary 1966 was about '
626 mg. With no reserve allowance, and assuming that the
reservoirs refill by next June, the supply could have been
increased about 0.6 mgd and the system yield would be 8.7 mgd. !
If 20 per cent storage was allowed for emergency reserve, the .
yield would be approximately 8.2 mgd.

The loss iIn storage by lowering the spillway would have
decreased yield over this dry period by 0.13 mgdl During wet

periods when the system refills each year, loss of yleld

would be greater and, in a year when Dawson is below flow line

level for a 6-month period,:the reduction would be about 0.8 mgd.'ii

...
e
,
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VIII. STABILITY OF DAMS

Stability of each dam in the West River system has been
investigated. Chamberlain and Dawson are earth dams with
satlsfactory sections. Bethany and Watrous are masonry dams
with massive earth backup on the downstream side. There is
no question as to their stability.

‘Glen is an exposed masonry dam and its stability has
been investigated agailnst overfurning. ‘Because of the con-
struction, it is safe against sliding. When full to the crest
of the non-overflow section, presently 4 feet above the
spillway elevation, the factor of safety against overturning
is 1.18. If the dam 1s raised one (1) foot, which could be
easily done, the factor of safety decreases to ;.11, as shown
in Figure 5. Since uplift is §robably less than assumed, we
estimate that the dam is safe against overturning as loné as
the maximum water level does not exceed the top elevation of

the exlsting non-overflow section. We do not recommend any

increase in height.
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IX. RECOMMENDATIONS

We recommend that the Water Company increase the capa-
city of the spillways at Glen and Dawson Dams by lowering
ecach of these spillways approximately five (5) feet. Since

a major storm may occur at any time, the work should be done

as soon as possible.




NEW HAVEN, CONNECTICUT = Ec:oc'g'g?\'}’g:o
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| ANSWERLD e
MEMORANDUM REPORT TO WATER COMPANYRECAR-)
ON FILED

INVESTIGATION OF THE EFFECTS OF A FLOOD
PRODUCED BY THE MAXIMUM POSSIBLE STORM
ON SPILLWAYS OF WEST RIVER SYSTEM

AUGUST 2, 1967

The effect of the "maximum possible storm" on the Vest
River System 1s reported in this memorandum,

The "maximum possible storm" employod ts (d-ilned and
quantitatively o2stimated in U, S. Wenihor Purceau illydro-

io)

moteoralogical Report No. 33 entitled "A2asonal Virlation
of the Probable Haximum Precipitation bast of the 105th
eridian for Arcas from 10 to 1,000 Jjuaee MiY2es and Dura-
ticns of 6, 12, 24 and 48 Hours." The report defines the
"raxlmum possible precipitation™ as "the critical depth-
daration-arca rainfall relation for a particular area during
e moanths o the year that would resull 1t conditions
durincoan actual storm in tle repglon were Ineevoased to
vercesont the most critieal rmoeteorolsical cendlitions that
o considersd probable of ocvcurreneo "

Ao shown on Mxhlbit 1, the ralo™7 volnls used for the

Voot Niver Systom analyses are for duraiions o 6 and 12 hours

‘!. on anoarca of 10 sguare nitos fep Serie Yop - Lhe most severe

montls for the vieinlty of Nouw Haven, Coonccticut.  The hourly
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Flguré &, page 32 of U. S. Department of the Interior
publication "Design of Small Dams." 'The iilstribution is a
comparatively sévere one with 50 per cent of the 6 hour total
falling within 1 hour.

The sequence in which the hourly totals were arranged
1s In accordance with the rcecommendation made on page 50 in
"Design pf Small Dams." The arrangement of the 12 hourly
increnents is 11, 9, 7, 5, 3, 1, 2, 4, 6, 8, 10, 12, where
the number represents the order of magnitude with the lowest
number represcnting the largest magnitude, This arrangement
cives a flood greater than one based on the assumption that
the greatest hourly increment of rain occurs dAuring the
f1r3t hour of a storm

The effective, runoff-oroducing; ninfall was estimated
by sabtracting 1 iInch initial inttitlion ant 0.1 inch per
hoar thereafter from the total railnfall.

In order to pass the unusually hipgh flows for the "maximum
rasrible storm," several modifications of both the length and
crast height of spillways were tried. Oplliway rating curves
apl o stame capaclty curves for each of Lhie flve reservolirs are
shown on Exhitit 2 and Exbibit 3, reapeetively.

The unit-hydrepraphs and routtny; proecduecs employed are
thooe cutlined In eurr report of January, 1967. UD~talled
comprtations are shown on Exhitit 4, pnges 1 through 8.

“The inrlew=-out flow curves for cach of the reservolrs are
shown on Exhibit 5, pages 1 thoupgh 3. Ax no sipnicicant |
stormpe effeet s obtalned ron TAate oewem

o

.y, Lhe outClow
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NYUI'Ops apil ad DOUWIL Uil sAlavaL D,y Pty 3, wila ut¢ The same
with a spillway 250 fcet long.

The "maximum possible" flood outflows at ench of the West

River reservolrs and the conditions n! the Splllways are

summarized below:

Dam Peak Spillway Frece- Maxtmum Head (ft.)
Discharge Board Over Over Dam
cfs - Tt Splllway Crest
Chamberlain 7200 12.0 10.8 -1.2
Glen 9665 9.0% 11.3 +2.3
Bethany 7350 4,25 5.2 +1.0
Watrous 15400 5.0 7.1 +2.1
Dawson |
€0' Spillway 26,260 11.5* 13.8 +2.3
250" Spillway 26,260 11.0% 9.0 -2.0

*Frocboard above proposed new s5ill elevalion

L e

1
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NEW HAVEN WATER COMPANY
. NEW HAVEN, CONNECTICUT

DESIGN REPORT
DAWSON SPILLWAY

Our report of January 1967 recommended lowering the
spillway of Dawson Dam five feet to increase its capacity
to approximately 7,200 c¢fs. This report was reviewed by
the Water Resourcés Commission of Connecticut which
requested that an investigation be made of the effect of
routing a maximum possible flood through the West River
System. This study was made.

The following tabulation shows the estimated floods
that would occur under varying conditions

- Estimate of Record - 2,300 cfs -
1000 year storm : - 5,300 cfs
Transposed Westfield Storm - 8,700 cfs
Maximum Possible - 27,000 cfs

Conditions at the dam and downstream from the dam

-were considered and it was concluded that any storm mater-
ially exceeding the 1000 year storm would cause great

damage downstream and that the damage would not be materially
greater if Dawson Dam were breached during the storm. After
reviews with the Water Company it was decided to submit plans
to the Water Resources Commission that would pass the 1000
year storm and such.additional flow as could be carried by
widening the spiliway a reasonable amount.

We have made studies of alternate designs of the ‘
channel downstream from the spillway. Our January 1967 re-
port showed a .chute type splllway with a slope of about 4§ per
cent. The chute must be curved in plan to suit the topography.
At the higher flows investigated unstable flow conditions
around the curve result in very high water elevations at the
outer edge of the curve with transitory waves which create in
our opinion a dangerous hydraulic condition. To be sure of
containing the waves would require very high chute walls
and a very elaborate energy dissipation device at the end of
the: chute would be required. -

Our studies 1ndicate that a very much safer design will
result with less than critical: slopes 1n the outlet ‘channel
and that- the cost will be less.




< The stepped channel design which results from the use
I of flatter slopes can be built in various widths. The
narrovwest feasible width is found to be 50 feet. At this
width the critical depth which will occur at each drop in
the channel floor is approximately 7 feet for the 1000 year
storm of 5300 cfs. - s

The present spillway is 80 feet wide. We find 1t
feasible to increase this width to 110 feet. The
required head on an ogee spillway for the 1000 year storm
T is 5.5 feet. Using this as a design storm and a freeboard of
3.5 feet the spillway crest. should be 9. feet below the top of
the dam or at Elevation 155.0. : :

At the above crest elevation and no freeboard the spill-
way will carry 10,400 cfs which is - more than the 1000 year or
Westfield transposed storms, At this flow critical depth
in the 50 foot wide channel is about 11 feet.

R : ‘ If the spillway is lowered to increase flow the down-

: stream channel must be widened, otherwise the flow.over the

spillway 1s reduced because of submersion.

i In our oplinion the most reasonable design is for a
stepped spillway channel 50 feet wide with a capacity of

10,400 cfs flowing full and an ogee spillway 110 feet long.
The spillway will carry the 1000 year storm with a freeboard
:of 3.5 feet and with no freeboard will carry a storm of 10,400

T efs.: T ' :

To completely contain a flow of 10,400 cfs would require
extending the 50 foot wide spillway channel about 340 feet.
The proposed new channel intersects the existing paved channel
about 204 feet from the overflow crest. If the new channel
. is terminated at this point, and the old channel used for
| | the balance of the distance, flood flows up to approximately
- historic floods could be carried. Larger floods including the
1000 year storm would not be contained in the old portion of : _
the channel. However no damage to the dam could occur and the i ]
convex side of the curved channel is on the uphill side with i
, bed rock apparent at shallow depth. All erosion that could ° LA
- occur is on Water Company land and the Water Company prefers to

take the risk of damage. Therefore the spillway channel will

bi built to discharge into the existing channel as shown on the
plans. '

- : ' Pig. 1 shows hydraulic details of the design. ’ 9.
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FOIM D~ STATE OF CONNLCTICUT
. WATER RESOURCES COMMISSION
r State Office Buildiug e
Hartford, Connecticut

APPLICATION FOR CONSTRUCTION PERMIT FOr DaM

o New Haven Water Company )JJZQJ“ ’q 2 ‘, / ?‘wa

u e pr —— b .

Tods e Vleess Box 1"70 ’
New Haven, Connecticut o) wo. 203-T772-2550

loc. tion of Structure: -

New Haven and ®
Teoas Woodbridge (Dawso’\' DQM.) Shown on USGS Quadrangle_ vicinity, Con
Neme of Stream West River at 1 inches south of Lat,’-‘l°—22'-3;
REXRX S
and__3 inches east of Long. 730'00"." T e
] EEX '
siroccious for reaching site from nearest village or route intersection:
(.. sketch on reverse side)

See Attached Plans

. Z.
iv an application for: (New Construction) (Alteyation) (Repair) (Removal)
(check one or more of above)

l-;._ i . .
[NV

,od is to be used for: Storage

s, ons of Pond:  width__ 1,000 ft. length__ 3,500 ft. .areca 69.5 acres
5.0' without temporary flashboard:

‘ot h of water immediately above dam: 7.5' with temporary flashboards. ..
: e &
‘ Seagth of dam: 900 ft . — - PR
f spillway: 110 ft. - U _— .
of abutments above spillvay: 9 ft. o
I
i u«pillway construction: Concrete

- ——— et s e e

 <ike construction: Exlisting earth structure with a concrete core wall

. .y section will be set on: (Bedrock Gravel Cla Till)
(check one of above) L4 S P

T Spillway section will be set on bedrock or compacted dam 1

material including old core wall.

Signed: Wékﬁj;%r, di(/ EMV s
(owner) -

' Name of Engineer, if any MALCOLM PIRNIE ENGINEERS 7

"t Show details of B-47 . o l

wouovietion on reverse side SRR
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Show only features of somple wihich ara

r“ . » ,opplicoble and dimon's.ions whic—ir:?il?.ct,_yf.i IP' ——~ :
-.f.;f‘l SKETCH N. LOCATION SKETCH :
: See Attached Plans S
»
1 ;
[ 5 »
| T SITE PLAN L
_ »
T ‘ l-= 900" '
‘“\<::::::::;:::::\_~_
\//\’" \‘-T p = 3’50()'
: PROPOSED POND -,] v = 1100 i}
L] B = - »
2 JiL |
R — . L 2
.Y SECTION SPILLWAY SECTION
a = 18"
. b = varies 10' to 13' >
b f c = 60 !
. IOQQ 1 e = 12'
Y R f = 3.5
"b ' h = 5.5' (1,000 year storm) -
= Concrete Conc r = varies 0 to 10' . '
j Abutment Spillway T
SITTTR [odge VINNTIRSSTT7 W77 NOTE....
If there are two methods of discharga Show
LCTION DIKE SECTION (Existing) @
h = 7l -
» m= 10"
o= 2' min. Lo
p = 6.5' with temporary flashboard. =~ -~
I v p = 9.0' without temporary flashbo
l s = 2:1 L.
_ t = unknown '
u=5'" min. (varies)
v = 50' max. (varies) B-48
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August 20, 1968

MEMO TO: File
FROM: William H. O'Brien III
SUBJECT: Lake Dawson Dam - Woodbridge

In reviewing the design for the modifications of the subject dam,
the following additional information was obtained from a Mr. Raymond Dugandzic,

of Malcolm Pirnie Engineers.

The flashboards are designed to fail with water elevation at 159.5
(two feet above the top of the flashboards). This is based on a yield stress
of 35,000 PSI and ultimate strength of 60,000 PSI for the pipe steel.

The proposed spillway will pass the Westfield storm with a freeboard
= 1.58 feet.

2 H.




€TO-201 12.60

INTERDEPARTMENT MESSAGE SAVE TIME: Hendwritten messages are acceptable.

Use curbom if you really mecd a copy. If typetvritien, igmore faint lines. —_—

®
TO AGENCY DATE .
—___.File . ______Water Resources Commission .. “March 2, 197
FROM AGENCY TELEPHONE
— . William H. O'Brien, III -Water Resources Commission .. o
E Civil Engineer ®
i _._Dawson Lake Dam, Woodbridge
o e
On Feb. 24, 1971 the undersigned inspected the subject
dam. The work appears to have been well done and in conform- o
ance with the approved plansj however, there were several leaks, _'-
one of which was quite substantial thru the construction Joints
of the bottom of the exit channel at the base of the ogee spill- N
way. The water level was approximately 6 inches below the con- -
crete crest of the dam and about 3 feet below the top of the . _
flashboards. These leaks may become substantially greater with
a full pond. These leaks however do not appear to effect the g
safety of the structure. o i s
L@
There was just a slight flow in the new 6 inch outlets
through the concrete headwall into the existing stream at the
west end of the dam. .-
.0
Zoaf oA
7 ,7{5/ /_///Zc:p\ 77
Civil Engineer
.9
WHOslig
9
e o
—L-f_s—‘i
B-50 -
i
d
e __ e o o o __o o ® o o o e o o o o



Mazch 31, 197i

Mz, Joseph A. Novaro

Chief Engineer

New Haven Watex Company

New Haven, Connecticut 06506

Rea Dawson Dam
voodbridge

&u Mz. Novaro:

On Februsry 24, 1971 the undersigned inspected the subject
dems Theze were several lesks, one of which was quite substantial,
through the construction joints of the bottom of the exit channel
st the base of the . oged spillway. The water level was approxi-
sstely six inches below the concrete crest of the dam.

It 1s assumed that the presence of these leaksjijdicaterither
s malfunction of the six inch perforated concrete drain pipes under
the spillway channel slab or else there is a water barrier prevene
ting water from reaching this perforated pipe. It appears that the
possibility exists of a piping condition under the spillway section.
We therefore do xequest information on the as built conditions of
the spiliway as defined in Section b-b on sheet four of five of the
spproved plens. The notations indicate that the spillwsy section
may be set on rock in some aress snd on compacted dam matezisl in
others. We would 1ike 8 definition of these areas. Thank you for
this informstion.

Very truly youzs,
williem Hes O'Brien, I1I
Civil Engineer

WHOsllg

B-51
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new HavEN Water company

100 Crown Street / New Haven, Connecticut / 06506 (203) 772-2550 . .
.’ » '}
April 7, 1971

-—

State Water Resources Commission
State Office Building
Haxrtford, Connecticut 06115

Attention: Mr. Williem H. O'Brien, III

Civil Engineer P o
Dear Mr. O'Brien: ‘

This is to eacknowledge your letter of March 31, 1971
and to confirm my call to you in regard to Dawson Dam.

o
@

We inspected the spillway several weeks ago and will
make ancther inspection in warmer weather, at which time,
wve will write you further.

I have requested AS-built prints from our Consultants T
and will forward one set to you when I receive them. The » o
entire length of the spillway section was carried down to ‘ -
rock, There were five (5) keyed expansion joints, each
being sealed by a rubber expansion seal with the usual
circular sections or bulbs on both sides.

Very truly yours, ; ) .
NEW HAVEN WATER COMPANY :
pb Co. Ve ener
eph A. Novaro R
ce Pregident-Engineering P e
JAN: Jep
4'4’ Y
AT STATE WATER REGOURCES
SRR PR COMMISSION .o
g /\ e RECEIVED _ _
U APR 121971
A AN ANSWERED
JARETEY B REFERRED L.
\ FILED
=
! B-52
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PHOTO 1 - Riprap on upstream slope, spillway and gatehouse as

seen from left abutment.

Orange circular frame in foreground
is the location of the drain pipe
outlet from wet area in background,

and drain pipe inlet to blowoff

PHOTO 2 - Central portion of downstream slope.
disgharge channel.

|us ARMY ENGINEER DIV. NEW ENGLAND | ATIONAL PROGRAM OF

CORPS OF ENGINEERS
WALTHAM , MASS.

CANN ENGINEERS INC.

INSPECTION OF

nu.m:z::é.co“- NON-FED. DAMS

Lake Dawson Dam

West River

Woodbridge, Connecticut

CE# 27

DATE _May '79 PAGE =
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: PHOTO 4 - Seepage on right slope of spillway discharge channel. ® ° 1
|
' .
r 1
US ARMY ENGINEER DIV. NEW ENGLAND Lake Dawson Dam ]
CORPS OF ENGINEERS NATIONAL PROGRAM OF West River
WALTHAM , MASS.
INSPECTION OF Woodbridge, Connecticut ] L 4
CAHN ENGINEERS INC.
WALLINGFORD, CONN. NON‘ FED DAMS CE# 27 660 KA
ENGINEER . DATEMay '79 PaGe__C-2
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PHOTO 6 - Low level outlet discharge channel downstream of dam.
Note minor seepage on the left slope of the channel.

PHOTO 5 - 2-36 inch low level outlets.

US ARMY ENGINEER Div. NEW ENGLAND
CORPS OF ENGINEERS
WALTHAM ,  MASS

CAHN ENGINEERS INC.
WALLINGFORD, COMN.
ENGINEER

NATIONAL. PROGRAM OF
INSPECTION OF
NON-FED. DAMS

Lake Dawson Dam
West River

Woodbridge, Connecticut
CE# 27 660 KA
paTe_May '79 page  C-3
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PHOTO 7 - General view of spillway channel and weir from
downstream.

to concrete spillway channel.

PHOTO 8 - Seepage through left stone masonry wall adjacent

;US ASMY ENGINEER Div. NEW ENGLAND

¥

CORPS OF ENGINEERS
WALTHAM , MASS.

PP VENUE

CAHN ENGINEERS INC.
WALLINGFORD, CONN.
ENGINEER

NATIONAL PROGRAM OF
INSPECTION OF
NON- FED. DAMS

Lake Dawson Dam

West River

Woodbridge, Connecticut

ce# 27 660 KA
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PHOTO 10 - Undermining of spillway channel slab at left
downstream end.
N
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APPENDIX D

HYDRAULICS/HYDROLOGIC COMPUTATIONS
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Hall Meadow Brook
East Branch
Thomaston
Northfield Brook
Black Rock

Hancock Brook
Hop Brook
Tully

Barre Falls
Conant Brook

Knightville
Littleville
Colebrook River
Mad Kiver
Sucker Brook

Union Village
North Hartland
North Springfield
Ball Mountasin
Townghend

Surry Mountain
Otter Brook
Birch Hill
East Brimfield
Westville

West Thompaon
Hodges Village
Buffumville
Manefield Hollow
West Hill

Franklin Palls
Blackwater
Hopkinton
Everett
MacDowell

E o

e o i e o

MAXIMUM PROBABLE FLOOD INFLOWS
NED RESERVOIRS

(:gs)

26,600
15,500
158,000
9,000
35,000

20,700
26,400
47,000
61,000
11,900

160,000
98,000
165,000
30,000
6,500

110,000
199,000
157,000
190,000
228,000

63,000
45,000
88,500
73,900
38,400

85,000
35,600
36,500
125,000
26,000

210,000
66,500
135,000
68,000
36,300

ii

D.A. MPF R
(sq. mt.) cfs/sq. mt. ]
17.2 1,546 o
9.25 1,675 ;
97.2 1,625 o
5.7 1,580 .
20.4 1,715 R
’ o
12.0 1,725 -
16.4 1,610 ;
50.0 940 1
55.0 1,109 g
7.8 1,525 -]
\ @ p
162.0 987
52.3 1,870
118.0 1,400
18.2 1,650 :
3.43 1,895 o]
\ [
126.0 873
220.0 904
158.0 994
172.0 1,105
106.0(278 total) 820 ~
100.0 630 C
47.0 957 -
175.0 505 .
67.5 1,095 )
99.5(32 pet) 1,200 y i;.'
173.5(74 net) 1,150 '
1.1 1,145
26.5 1,377
159.0 786
28.0 928 e
1000.0 210
128.0 520
426.0 316
64.0 1,062
44.0 825 °

®
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T T T

MAXIMUM PROBABLE FLOWS

BASED ON TWICE THE

STANDARD PROJECT FLOOD

(Flat aud Coastal Arcas)

River . SPF
(cfs)
Pawtuxet River 19,000
Mill River (R.I.) 8,500
Petcgl River (R.1.) 3,200
Kettle Brook 8,000
Sudbury River. 11,700
Indian Brook (Hopk.) 1,000
Charles River. 6,000
Blackstone River. 43,000
Quinebaug River 55,000
’
iii

D.A.
(sq. mi.)

200
34
13
30
86

5.9

184

416

331

1F
(cfs/sq. mi.)

190
500
490
bR D)
270
340
65
200
330
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e ESTIMATING EFFECT OF SURCHARGE STORAGE
|
o ON_MAXIMUM PROBABLE DISCHARGES

INFLOW

STEP 1: Determine Peak Inflow {Qp1) from Guide
Curves.

STEP 2: a. Determine Surcharge Height To Pass
“Qp1’’. '
b. Determine Volume of Surcharge
(STOR1} In Inches of Runoff.
c. Maximum Probable Flood Runoff In New
England equals Approx. 19', Therefore

Qpz = Qp1 X (| — 5:‘:“')
STEP 3: a. Determine Surcharge Height and

"'STOR2'" To Pass ""Qp2"'
b. Average ''STOR:'"' and '"STOR 2’ and

Determine Average Surcharge and
Resulting Peak Outtlow 'Qp3"’.

[ '= ' . ‘ . . ."_ . . . . . . ._ . . - v_._.
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SURCHARGE STORAGE ROUTING SUPPLEMENT

STEP 3: a.

STEP 4: a.

Determine Surcharge Height and
"“"STOR2'' To Pass ""Qp2"

. Avg "'STOR1'"' and ''STOR2"' and

Compute ""Qp3’’'.

. If Surcharge Height for Qp3s and

"'STORAvG'' agree O.K. If Not:

Determine Surcharge Height and
“*'STOR3' To Pass "'Qp3"’

. Avg. ""Old STORAvG'' and "'STOR3"

and Compute ''Qpas’’

. Surcharge Height for Qps and

"“"New STOR Avg'' should Agree
closely

vi




SURCHARGE STORAGE ROUTING ALTERNATE

T
Qp2 = Qp1 x(\ _ §’T§£>

Qpz = Qpt — Qp1 (STOR)
19

FOR KNOWN Qp1 AND 19" R.O.

Qr2 STOR

|
1k

11
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"RULE OF THUMB" GUIDANCE FOR ESTIMATING
o DOWNSTREAM DAM FAILURE HYDROGRAPHS

R SRR AR
-

STEP |: o0eTerMINe R ESTIMATE RESERVOTR STORAGE (S) IN AC-FT AT TIME OF FAILURE.
STEP 2: oetervine peax FAILURE OUTFLOW (Qp) .

ﬁ [ Qp, = 8/2., W, Vg Yo s/é

k W= BREACH WIDTH - SUGGEST VALUE NOT GREATER THAN 40% OF DAM
LENGTH ACROSS RIVER AT MID HEIGHT.

: Yo = TOTAL HEIGHT FROM RIVER BED TO POOL LEVEL AT FAILURE.

i b STEP 3: usinG uss TOPO OR OTHER DATA, DEVELOP REPRESENTATIVE STAGE-DISCHARGE

RATING FOR SELECTED DOWNSTREAM RIVER REACH.

STEP 4: cestimre reacw 0uTFLOW (0y;) USING FOLLOING ITERATION, o
A. APPLY Q) TO STAGE RATING, DETERMINE STAGE AND ACCOPMANYING B
VOLUME (V;) T REACH IN AC-FT. (NOTE: IF V, EXCEEDS 1/2 OF S, .
SELECT SHORTER REACH.)
B DETERMINE TRIAL Q.

Qp, (TRIAL) = Qp, {1 - ¥)
C. COMPUTE V, USING Q,, (TRIAL).
AVERAGE V; AND V, AND COMPUTE Qp,. -9

Qp, = Op, (1- )

STEP S5: ror succeeping REACHES REPEAT STEPS 3 AND 4.
APRIL 1978
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B
APPENDIX E
- INFORMATION AS CONTAINED IN
THE NATIONAL INVENTORY OF DAMS
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